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[Name of Document] Specification 
[Title of the Invention] Battery 
[Scope of Claim for Patent] 

[Claim 1] A battery comprising a positive electrode, 
a negative electrode and an electrolyte, characterized in 
that at least one of active material of the positive 
electrode and active material of the negative electrode 
includes a boron radical compound. 

[Claim 2] A battery comprising a positive electrode, 
a negative electrode and an electrolyte, characterized in 
that at least one of active material of the positive 
electrode and active material of the negative electrode 
includes a compound having boron radicals in an oxidation 
state. 

[Cl aim 3] A battery comprising a positive electrode, 
a negative electrode and an electrolyte, characterized in 
that at least one of active material of the positive 
electrode and active material of the negative electrode 
includes a compound having boron radicals in a reduction 
state. 

[Claim 4] The battery as set forth in any one of 
claims 1 to 3, characterized in that the boron radical 
compound has a radical on a boron atom combined with an 
aromatic group or an alkyl group. 

[Claim 5] The battery as set forth in any one of 
claims 1 to 4, characterized in that the boron radical 
compound is represented by the accompanying formula (1): 
[chemical 1] 

R R 




R R 

(in the formula, R represents a hydrogen atom, a 
substituted hydrocarbon group or a non-substituted 
hydrocarbon group) 

[Claim 6] The battery as set forth in any one of 
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claims 1 to 5, characterized in that the boron radical 
compound has dimesityl boron radicals. 

[Claim 7] The battery as set forth in any one of 
claims 1 to 6, characterized in that a spin concentration 
of the boron radical compound is 10 21 spins/g or more. 

[Claim 8] A battery comprising a positive electrode, 
a negative electrode and an electrolyte, characterized in 
that at least one of active material of the positive 
electrode and active material of the negative electrode 
includes a sulfur radical compound. 

[Claim 9] A battery comprising a positive electrode, 
a negative electrode and an electrolyte, characterized in 
that at least one of active material of the positive 
electrode and active material of the negative electrode 
includes a compound having sulfur radicals in an oxidation 
state. 

[Claim 10] A battery comprising a positive electrode, 
a negative electrode and an electrolyte, characterized in 
that at least one o active material of the positive 
electrode and active material of the negative electrode 
includes a compound having sulfur radicals in a reduction 
state. 

[Claim 11] The battery as set forth in any one of 
claims 8 to 10, characterized in that the sulfur radical 
compound has a radical on a sulfur atom combined with an 
aromatic group. 

[Claim 12] The battery as set forth in any one of 
claims 8 to 10, characterized in that the sulfur radical 
compound has a radical on a sulfur atom of a thianthrene 
der i vat i ve. 

[Claim 13] The battery as set forth in any one of 
claims 8 to 12, characterized in that a spin concentration 
of the sulfur radical compound is 10 21 spins/g or more. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 
The present invention relates to a battery, more 



- 2 - 



particularly, to a battery with a high energy density and 
excellent in the stability and safety properties, where a 
radical compound is employed as a primary ingredient of 
active material. 
[0002] 
[Prior Art] 

As the market of portable information terminals such as 
a note-type personal computer or a portable telephone set 
has been rapidly developed, smaller batteries with a 
larger capacity have been required. In order to meet this 
requirement, batteries have been developed where alkali 
metal ions such as lithium ions are employed as charged 
carriers and the electrochemical reaction associated with 
emission and reception of electric charges is utilized. 
Particularly, lithium ion batteries are used as batteries 
with a high energy density and having an excellent 
stability property in a variety of electronic equipment. 
In such lithium ion batteries, transition-metal oxide 
including lithium is used as active material to form a 
positive electrode and carbon is used to form a negative 
electrode, so that charging and discharging of electric 
charges are performed by utilizing occlusion of lithium 
ions in the active materials and emission of lithium ions 
therefrom. 

[0003] 

However, the lithium ion batteries use transition-metal 
oxide having a large specific gravity for positive 
electrodes, so that the weight energy density of the 
positive electrode is approximately 150 mAh/g, this is an 
insufficient value, which has attempted to develop large 
capacity batteries by using lighter material for 
electrodes. For example, U. S. Patent No. 4, 833, 048 and 
Japanese Patent No. 2715778 disclose a battery using an 
organic compound having a disulfide bond as positive- 
electrode active material. This battery utilizes 
electrochemical oxidation and reduction reaction in 
association with generation and dissociation of disulfide 



- 3 - 



bonds to perform a charging and discharging operation, and 
has a positive electrode formed by an element having a 
small specific gravity as a primary ingredient such as 
sulfur or carbon, so that some effect is exhibited in view 
of a battery with a high energy density. However, a 
dissociated bond has a small probability for recombination, 
and the stability property is insufficient. 
[0004] 

A battery using conductive polymers has been proposed 
as a battery using an organic compound as active material 
of an electrode. The battery using conductive polymers is 
based on the doping and undoping reaction principle of 
electrolytic ions with the conductive polymer. The 
aforementioned doping reaction is a reaction for 
stabilizing exyton such as charged solitons or polarons 
generated by an oxidation or reduction of conductive 
polymers using paired ions. The aforementioned undoping 
reaction is a reaction for oxidizing or reducing 
electrochemical ly exytons stabilized by means of the 
paired ions, which is a reverse reaction of the doping 
react ion. 

[0005] 

U.S. Patent No. 4,442,187 discloses a battery using 
conductive polymers as active material of a positive or 
negative electrode. This battery is constructed by only 
elements having small specific gravities, such as carbon 
and nitrogen, and is expected to be a large capacity 
battery. However, the conductive polymer has a nature 
that the exyton generated through oxidation and reduction 
reaction non-local i zes in a broad range of 7c -electron 
conjugated system and interacts with each other, which 
limits the density of generated exyton to impose 
restrictions on a battery capacity. As a result, the 
battery using the conductive polymer as electrode material 
exhibits some effect in view" of Tighter weight, however, 
is insufficient in view of a large capacity battery. 

As stated hereinbefore, in order to realize a large 
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capacity battery, batteries without using transition-metal 
oxide have been proposed. However, there is still not 
obtained a battery with a high energy density and having 
excellent stability property and safety property. 
[0006] 

[Problem to be Solved by the Invention] 
Since a lithium ion battery using transition-metal 
oxide to form a positive electrode has an element having a 
large specific gravity, it is difficult in principle to 
manufacture a larger capacity battery than present ones. 
Owing to this, batteries without utilizing transition- 
metal oxide have been proposed, however, there is still 
not obtained a battery with a high energy density and 
having an excellent stability property and a safety 
property. 

[0007] 

An object of the present invention is therefore to 
provide a new battery with a high energy density and 
having an excellent stability property and a safety 
property. 

[0008] 

[Means for Solving the Problem] 

In the battery provided with a positive electrode, a 
negative electrode and an electrolyte, the present 
invention is characterized in that at least one of active 
material of the positive electrode and active material of 
the negative electrode includes a boron radical compound. 

Also, in the battery provided with the positive 
electrode, the negative electrode and the electrolyte, the 
present invention is characterized in that at least one of 
active material of the positive electrode and active 
material of the negative electrode includes a compound 
having boron radicals in an oxidation state. 

Also, in the battery provided with the positive 
electrode, the negative electrode and the electrolyte, the 
present invention is characterized in that at least one of 
active material of the positive electrode and active 
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material of the negative electrode includes a compound 
having boron radicals in a reduction state. 
[0009] 

Also, It is desirable that the boron radical compound 
has a radical on a boron atom combined with an aromatic 
group or an alkyl group. 

Also, it is desirable that the boron radical compound 
is represented by the following formula (1). 

[0010] 
[chemical 2] 



(1) 



[0011] 

(in the formula, R represents a hydrogen atom, a 
substituted hydrocarbon group or a non-substituted 
hydrocarbon group) 

Also, it is desirable that the boron radical compound 
has dimesityl boron radicals. 

Also, it is desirable that a spin concentration of the 
boron radical compound is 10 21 spins/g or more. 
[0012] 

Also, in the battery provided with the positive 
electrode, the negative electrode and the electrolyte, the 
present invention is characterized in that at least one of 
active material of the positive electrode and active 
material of the negative electrode includes a sulfur 
radical compound. 

Also, in the battery provided with the positive 
electrode, the negative electrode and the electrolyte, the 
present invention is characterized in that at least one of 
active material of the positive electrode and active 
material of the negative electrode 'includes a compound - 
having sulfur radicals in an oxidation state. 

Also, in the battery provided with the positive 
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electrode, the negative electrode and the electrolyte, the 
present invention is characterized in that at least one of 
active material of the positive electrode and active 
material of the negative electrode includes a compound 
having sulfur radicals in a reduction state. 
[0013] 

Also, it is desirable that the sulfur radical compound 
has a radical on a sulfur atom combined with an aromatic 
group. 

Also, it is desirable that the sulfur radical compound 
has a radical on a sulfur atom of a thianthrene derivative. 

Also, it is desirable that a spin concentration of the 
sulfur radical compound is 10 21 spins/g or more. 
[0014] 

[Mode of Carrying out the Invention] 

Hereinafter, the present invention will be explained in 
detai 1. 

Fig. 1 is a front view illustrating one example of a 
battery according to the present invention, and Fig. 2 is 
a cross-sectional view of the battery of Fig. 1. A 
battery 1 is constructed by a laminated body, where a 
negative electrode 5 that is formed by a negative 
electrode layer 4 and a negative electrode current 
collector 3 connected to a negative electrode terminal 2 
and a positive electrode 9 that is formed by a positive 
electrode layer 8 and a positive electrode current 
collector 7 connected to a positive electrode terminal 6 
are laminated by sandwiching a separator 10 impregnated 
with electrolyte. The laminated body is sealed by a 
sheathing member 11 formed by laminating film while the 
negative electrode and positive electrode terminals are 
exposed to the outside. 

At least one of the negative electrode 5 and the 
positive electrode 9 includes a radical compound as a 
primary ingredient of active material of an electrode. 
[0015] 

The battery according to the present invention is 
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characterized by utilizing a radical compound, more 
particularly, a boron radical compound or a sulfur radical 
compound as a primary ingredient of active material of an 
e 1 ec trode. 

Also, the electrode active material generally has two 
states that are a starting state and an oxidized or 
reduced state through an electrode reaction, and the 
battery according to the present invention is 
characterized in that the electrode active material 
includes a radical compound in any one of the starting 
state and the oxidation or reduction state. 

A charging and discharging mechanism of the battery 
according to the present invention is considered that a 
radical compound in the electrode active material turns 
reversibly from a radical state into an ion state and vice 
versa through an electrode reaction to store electric 
charges, however, its detail is not yet revealed. 
[0016] 

A boron radical compound is a compound including boron 
atoms having an unpaired electron, and a sulfur radical 
compound is a compound including sulfur atoms having an 
unpaired electron. Generally, radicals are chemical 
species rich in reactivity, and many of radicals 
extinguish in a certain lifetime through interaction with 
their surrounding materials, however, radicals can be 
stable in accordance with the resonance effect, the steric 
hindrance or the state of a solvation. Some of these 
stable radical compounds have a spin concentration of 10 19 
to 10 23 spins/g measured by electron-spin resonance 
analysis, and some of the stable radical compounds have a 
spin concentration for a long time. 
[0017] 

In view of statistic-mechanical consideration, it is 
considered that any of chemical materials at room 
temperature has an atom species" in a radical." stat e. A - 
radical concentration is generally measured through an 
electron-spin resonance spectrum. Although the spin 
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concentration of the radical compound of the present 
invention is not limited in particular, in consideration 
of usual non-radical compounds having the spin 
concentration of about 10 16 spins/g, the spin 
concentration in an equilibrium condition is 10 19 spins/g 
or more, usually 10 21 spins/g or more. In an aspect of 
capacity, it is preferable that the spin concentration is 
kept more than 10 21 spins/g. Also, in view of the 
stability property of the battery, the radical compound 
preferably a stable radical compound. Here, a stable 
radical compound is a compound having a long longevity of 
a radical. 

[0018] 

A boron radical compound according to the present 
invention is not limited in particular when a boron atom 
has a radical on itself in its molecular structure, 
however, in view of the stability property of the radical, 
it is preferable that the compound has a radical on a 
boron atom combined with an aromatic group or an alkyl 
group, and more particularly, it is preferable that the 
compound has a structure represented by the following 
formula (1). Moreover, it is preferable that the compound 
has a dimethyl boron radical represented by the following 
formula (2) . 

[0019] 
[chemical 3] 

R R 

_ (1) 

R R 

[0020] 

(in the formula, R represents a hydrogen atom, a 
substituted hydrocarbon group or a non-substituted 
hydrocarbon group) 

[0021] 
[chemical 4] 
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H 3 C- 

(2) 



[0022] 

A sulfur radical compound according to the present 
invention is not limited in particular when a sulfur atom 
has a radical on itself in its molecular structure, 
however, in view of the stability property of the radical, 
it is preferable that the compound has a radical on a 
sulfur atom combined with an aromatic group or on a sulfur 
atom of a thianthrene derivative. Note that a sulfur 
radical compound generated at the cleavage or 
recombination due to an electrode reaction of a disulfide 
bond such as an S~S bond brings a reduction of the cyclic 
characteristics due to diffusion of sulfur atoms, which is 
not preferable in view of the stability of the battery, so 
that such a sulfur radical compound is not included in the 
sulfur radical compound of the present invention. 
[0023] 

In the battery of the present invention, the radical 
compound being a primary ingredient of an electrode active 
material is not particularly limited in view of operation 
in a solid state or in a molten state in a liquid solution 
However, when the radical compound is used in a solid 
state, in order to suppress the reduction of the capacity 
of the battery due to melting into an electrolyte, it is 
preferable that the radical compound is insoluble in an 
electrolyte or has low-solvent properties. Also, the 
molecular weight of the radical compound of the present 
invention is not limited in particular. 

The radical compound according to the present invention 
can be used individually or together with two different or 
more radical compounds. - Furthermore, ft can be "used" with 
other active materials. 
[0024] 
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The battery according to the present invention is 
characterized by including a radical compound as a primary 
ingredient in at least one of active material of the 
positive electrode and active material of the negative 
electrode, and when the radical compound is used in any 
one of the active materials, the prior art active material 
can be used as an active material for the other electrode. 

For example, when a radical compound is used as a primary 
ingredient of the negative electrode active material, the 
positive electrode active material can be formed by using 
transition-metal oxide grains, a disulfide compound, a 
conductive polymeric compound or the like. The 
transition-metal oxide can be lithium-manganese oxide such 
as LiMn0 2 , Li x Mn 2 0 4 (0<x<2), etc., lithium-manganese oxide 
having a spinel structure, Mn0 2 , LiCo0 2 , LiNi0 2 , Li x V 2 0 5 
(0<x<2) or the like, for example. The disulfide compound 
can be d i t h i og 1 y co 1 , 2, 5-dimercapto-l, 3, 4-thiadiazol, S- 
triazine-2, 4,6-trithiol or the like, for example. The 
conductive polymeric compound can be polyacety lene, 
polypheny lene, polyaniline, polypyrrole or the like, for 
example. In the present invention, these positive 
electrode active materials can be used individually or by 
combining them with each other. Also, it is possible to 
mix the prior art active material with a radical compound 
to use its mixture as a composite active material. 
[0025] 

On the other hand, when a radical compound is used as a 
primary ingredient of the positive electrode active 
material, the negative electrode active material can be 
formed by using carbon material such as graphite or 
amorphous carbon capable of absorbing and expelling 
lithium ions, metal material such as lithium metal or 
lithium alloy, an organic compound such as a conductive 
polymeric compound, or the like. The shape of these 
materials is not limited in particular. For example, 
lithium metal can be of a thin film state, of a bulk state, 
of a fiber state, of a flake state, of a hardened powder 
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state or the like. 
[0026] 

As explained above, the battery according to the 
present invention is characterized in that a radical 
compound contributes directly to an electrode reaction at 
the positive electrode or the negative electrode, so that 
the radical compound being a primary ingredient of an 
electrode active material can be used in any one of the 
positive electrode and the negative electrode. In view of 
the energy density, however, it is preferable to use the 
radical compound as the primary ingredient of the positive 
electrode active material. 

Further, in view of the stability property, it is 
specifically preferable that an electrode reaction at the 
positive electrode during an electricity discharging is an 
electrode reaction where a radical compound is a reactant. 

Moreover, if a product of this reaction forms a 
combination with cations of electrolyte salt which will be 
stated later, further improvement of the stability 
property can be expected. Although these cations of 
electrolyte salt are not limited in particular in the 
present invention, lithium ions are preferable in view of 
the capacity. 
[0027] 

In the battery according to the present invention, when 
electrode layers including a radical compound are formed, 
in order to reduce its impedance, conductivity enhancing 
material and ion conductivity enhancing material can be 
mixed. The conductivity enhancing material can be carbon 
fine particles such as graphite, carbon black, acetylene 
black, etc., and a conductive polymeric compound such as 
polyaniline, polypyrrole, polythiophene, polyacetylene, 
polyacene, etc. The ion conductivity enhancing material 
can be a polymer gel electrolyte, a polymer solid 
electrolyte, etc. " 
[0028] 

In the battery according to the present invention, in 
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order to enhance the binding force of structural materials 
of the electrodes, a binding agent can be used. The 
binding agent can be resin binder such as po 1 y v i ny 1 i dene 
fluoride, vinyl idene fluoride-hexafluoropropylence 
copo 1 ymer , vinylidene fluoride-tetrafluoroethylene 
copolymer, stylene-butadiene copolymer rubber, 
polypropylene, polyethylene, polyimide, a variety of 
polyurethanes or the like. 
[0029] 

In the battery according to the present invention, in 
order to carry out the electrode reaction smoothly, a 
catalyst for assisting the oxidation and reduction 
reaction can be used. The catalyst can be a conductive 
polymeric compound such as polyaniline, polypyrrole, 
po 1 y t hiophene, polyacetylene, polyacene, etc., a basic 
compound such as pyridine derivative, pyrrolidone 
derivative, benzimidazole derivative, benzothiazole 
derivative, acridine derivative, metal ion complex or the 
like. 

[0030] 

In the battery according to the present invention, as 
the electrode current collector material, various 
materials can be used to include metal such as nickel, 
aluminum, copper, silver, gold, aluminum alloy, stainless, 
etc., carbon material or the like. The shape of these 
materials is not limited in particular, and it is possible 
to use those of a foil state, of a plate state, of a mesh 
state and the like. Also, it is possible to impart a 
catalyst effect to the current collectors or to chemically 
bond the active materials with the current collectors. 

Also, in order to prevent the above mentioned positive 
electrode and negative electrode from contacting each 
other, a nonwoven fabric or a separator made of porous 
film can be used. 

[0031] " - - . - : 

The electrolyte of the present invention is in charge 
of transferring charged carriers between the electrodes 
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and generally has the ion conductivity of 10~ 5 to 10" 1 S/cra 
at room temperature. As the electrolyte of the present 
invention, one melting electrolyte salt in solvent can be 
utilized, for example. As the electrolyte salt of the 
present invention, metal salt like lithium salt can be 
used, for example, such as LiC10 4 , LiPF 6 , LiBF 4 , LiCF 3 So 3 , 
LiN(CF 3 S0 2 ) 2 , LiN (C 2 F 5 S0 2 ) 2 , LiC (CF 3 S0 2 ) 2 , LiC (C 2 F 5 S0 2 ) 3 , etc. 

Also, as the solvent, organic solvent such as ethylene 
carbonate, propylene carbonate, dimethyl carbonate, 
diethyl carbonate, methyl ethyl carbonate, y- 
butyrolactone, tetrahydrofuran, dioxolane, sulfolane, 
d ime thy f ormami de, dimethylacetamide, N-methyl-2- 
pyrrolidone, etc. can be used. Additionally, these 
solvents can be used individually or two kinds of solvents 
or more can be mixed. 
[0032] 

Furthermore, as the electrolyte of the present 
invention, polymeric electrolyte can also be used. A 
polymeric compound used as polymeric electrolyte is a 
vinylidene fluoride polymeric compound such as 
polyvinyl idene fluoride, vinylidene fluoride-ethylene 
copolymer, vinylidene fluoride -monofluoroethylene 
copolymer, vinyl i dene fluoride-trifluoroethylene copolymer, 
vinylidene fluoride-tetrafluoroethylene copolymer, 
vinyl idene fluoride-hexafluoropropylence copolymer, 
vinylidene fluoride-hexafluoropropylence- 
t etraf luoroethy lene terpolymer, etc., an acr y 1 on i t r i 1 e 
polymeric compound such as aery Ion i tri 1 e- 
methylmethacrylate copolymer, acrylonitrile- 
ethylmethacrylate copolymer, acrylonitrile-methylacrylate 
copolymer, aery loni tri le-ethylacry late copolymer, 
acrylonitri 1 e-me t hacr y 1 a t e copolymer, acrylonitrile- 
acrylate copolymer, acrylonitrile-vinylacetate copolymer, 
etc., polyethylene oxide, ethylene ox i de-pr opy 1 ene oxide 
copolymer, or their acrylate polymer or methacry late 
polymer, etc. These polymeric compounds can be used in a 
gel state impregnated with electrolyte, or only the 
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macroraoles can be used. 
[0033] 

The sheathing member and the shape of the battery 
according to the present invention are not limited in 
particular, so that those of the prior art can be used. 
For example, the sheathing member can be a metal case, a 
resin case, and laminated films formed by metal foil such 
as aluminum foil, etc., and synthetic resin film, and the 
like. For example, the shape of the battery can be a 
cylindrical type, a rectangular type, a coin-shaped type, 
and a sheet-shaped type. However, the battery of the 
present invention is not limited thereto. 
[0034] 

The method for manufacturing the battery of the present 
invention is not limited in particular, so that a variety 
of methods can be used in accordance with materials. For 
example, in one method, a solvent and materials forming an 
electrode layer are mixed and formed into a slurry state 
to form the electrode on the electrode current collector 
by coating, and then a pair of electrodes sandwiching a 
separator is wrapped by the sheathing member by laminating 
or by winding. After that, electrolyte is injected and 
sealed. When a battery is manufactured, the battery is 
manufactured by utilizing radical compounds themselves or 
by utilizing compounds changing into a radical compound 
through a battery reaction. As an example of the compound 
changing into a radical compound through a battery 
reaction, lithium salt and sodium salt that are anions 
obtained through reduction of a radical compound are 
considered. In the present invention, the battery can 
also be manufactured by utilizing these compounds changing 
into radical compounds through a battery reaction. 
[0035] 

^ I n_ the present invention, other manufacturing 
conditions of a forming method of terminals connected to — 
electrodes, a sheathing method, etc. can be those of the 
prior art. 
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In the present invention, the laminating method of 
electrodes is not limited in particular, so that some 
method such as a multi-ply lamination method for forming 
the positive and negative electrodes opposed to each other, 
a method for winding laminated electrodes, etc. can be 
used. 

[0036] 

The present invention has found that radical compounds, 
more particularly, a boron radical compound or a sulfur 
radical compound can be utilized as a primary ingredient 
of electrode active material. When the radical compound 
is formed by only lightweight elements such as carbon, 
hydrogen or oxygen, the battery with a high energy density 
per weight can be obtained. Moreover, in the present 
invention, since only the positions of radicals contribute 
to reaction, the cyclic characteristics do not depend on 
the diffusion of active materials, thus exhibiting an 
excellent stability property. Also, in radical compounds, 
since unpaired electrons reacting as active materials 
localize in radical atoms, the density of radicals being 
reaction positions can be increased, thus realizing a 
battery with a high energy density. 
[0037] 

[Embod iment ] 

Hereinafter, the present invention will be explained in 
detail in accordance with embodiments, however, the 
present invention is not limited to those embodiments. 
(Embodiment 1) 

In an argon gas-atmosphere globe box, dime thoxyethane 
solution including dimesityl boron radicals is mixed with 
graphite powder as ancillary material for conductivity so 
that the mixture ratio (weight ratio) of the dimesityl 
boron radicals to the graphite powder is 2:1, and then the 
mixed liquid. is _ho mo gen ized. After that, the mixed liquid 
is coated on an aluminum foil to which an electrode " ~ ~. 
terminal is previously connected, and the dimethoxye thane 
is removed by drying, thereby forming an electrode. 
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[0038] 

Next, after the vinylidene fluoride- 
hexaf luoropropy lence copolymer is melted in the 
tetrahydrof uran, this liquid solution is mixed with the 
ethylene carbona t e-propy 1 ene carbonate mixture solvent 
including LiPF 6 of 1 mol/1 so that the mixture ratio 
(weight ratio) of the liquid solution to the ethylene 
carbonat e-propy lene carbonate mixture solvent is 2:1, and 
then the mixed liquid is homogenized. After that, the 
mixed liquid is coated on a glass plate, and the 
tetrahydrof uran is removed by drying, thereby forming the 
polymeric electrolyte layer. 

Next, cutting operations are performed on the 
electrodes including boron radicals, the polymeric 
electrolyte layer, and the lithium laminated cupper foil 
in advance connected to the electrode terminal, to form 
predetermined shapes, respectively. The electrode layer 
including boron radicals and the lithium are laminated so 
as to oppose to each other via the polymeric electrolyte 
layer. After that, a sealing operation is carried out by 
using a laminate film as the sheathing member, thus 
manufacturing a battery. 
[0039] 

In the above-manufactured bat tery, the electrode 
including boron radicals is a positive electrode and the 
cupper foil laminated with the lithium is a negative 
electrode. When the charging and discharging of electric 
current is repeated under the current density of 0.1 
mA/cm 2 , it was confirmed that the battery could serve as 
the battery until 10 cycles of charging and discharging 
operat ions. 

Also, the measurement of an electron-spin resonance 
spectrum of the dimethoxyethane solution including 
- ~ dimesi ty 1 _boron radicals used in the battery of the 

present invention confirmed that the spin corice¥tra t ion * ~~ 
was 10 21 spins/g or more. 
[0040] 
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(Embodiment 2) 

In an argon gas-atmosphere globe box, acetonitrile 
solution including p-b i s (me thy 1 1 h i o) benzene radicals is 
mixed with graphite powder as ancillary material for 
conductivity so that the mixture ratio (weight ratio) of 
the p-bis (methyl thio) benzene radicals to the graphite 
powder is 2:1, and then the mixed liquid is homogenized. 
After that, the mixed liquid is coated on an aluminum foil 
to which an electrode terminal is connected in advance, 
and the acetonitrile is removed by drying, thereby forming 
an electrode. 
[0041] 

Next, after the vinylidene fluoride- 
hexaf luoropropy lence copolymer is melted in the 
t e trahydrof uran, this liquid solution is mixed with the 
ethylene carbonat e-propy 1 ene carbonate mixture solvent 
including LiPF 6 of 1 mol/1 so that the mixture ratio 
(weight ratio) of the liquid solution to the ethylene 
carbona te-propy lene carbonate mixture solvent is 2-1, and 
then the mixed liquid is homogenized. After that, the 
mixed liquid is coated on a glass plate, and the 
te trahydrof uran is removed by drying, thereby forming a 
polymeric electrolyte layer. 

Next, cutting operations are performed on the 
electrodes including sulfur radicals, the polymeric 
electrolyte layer, and the lithium laminated cupper foil 
in advance connected to the electrode terminal, to form 
predetermined shapes, respectively. The electrode layer 
including sulfur radicals and the lithium are laminated so 
as to oppose to each other via polymeric electrolyte layer. 

After that, a sealing operation is carried out by using a 
laminate film as the sheathing member, thus manufacturing 
a battery. 

[0042] 

In the a b o v e - m a h u f a c t u f e~d b a 1 1 e r y , ~ t he electrode 

including sulfur radicals is a positive electrode and the 
cupper foil laminated with the lithium is a negative 
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electrode. When the charging and discharging of electric 
current is repeated under the current density of 0.1 
mA/cm 2 , it was confirmed that the battery could serve as 
the battery until 10 cycles of charging and discharging 
operations. 

Also, the measurement of an electron-spin resonance 
spectrum of the concentrated sulfuric acid solution 
including p-bi s (methyl thio) benzene radicals used in the 
battery of the present invention confirmed that the spin 
concentration was 10 21 spins/g or more. 
[0043] 

[Effect of the Invention] 

As explained hereinbefore, in a battery provided with a 
positive electrode, a negative electrode and an 
electrolyte according to the present invention, since at 
least one of active material of the positive electrode and 
active material of the negative electrode includes a boron 
radical compound, the battery has a high energy density 
and is excellent in the stability and safety properties. 

Also, in a battery provided with a positive electrode, 
a negative electrode and an electrolyte according to the 
present invention, since at least one of active material 
of the positive electrode and active material of the 
negative electrode includes a compound having boron 
radicals in an oxidation state, the battery has a high 
energy density and is excellent in the stability and 
safety properties. 

Also, in a battery provided with a positive electrode, 
a negative electrode and an electrolyte according to the 
present invention, since at least one of active material 
of the positive electrode and active material of the 
negative electrode includes a compound having boron 
radicals in a reduction state, the battery has a high 
energy density and is excellent in the stability and 

safety proper t i~es.~ "~ ~ 

[0044] 

Also, if the boron radical compound is a compound 
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having a radical on a boron atom combined with an aromatic 
group or an alkyl group, the stability of the battery is 
further improved. 

Also, if the boron radical compound is a compound shown 
in the above-stated formula (1), the stability of the 
battery is further improved. 

Also, if the boron radical compound has dimesityl boron 
radicals, the stability of the battery is further improved. 

Also, if the spin concentration of the boron radical 
compound is 10 21 spins/g or more, the obtained battery has 
a large capacity. 
[0045] 

Also, in a battery provided with a positive electrode, 
a negative electrode and an electrolyte according to the 
present invention, since at least one of active material 
of the positive electrode and active material of the 
negative electrode includes a sulfur radical compound, the 
battery has a high energy density and is excellent in the 
stability and safety properties. 

Also, in a battery provided with a positive electrode, 
a negative electrode and an electrolyte according to the 
present invention, since at least one of active material 
of the positive electrode and active material of the 
negative electrode includes a compound having sulfur 
radicals in an oxidation state, the battery has a high 
energy density and is excellent in the stability and 
safety properties. 

Also, in a battery provided with a positive electrode, 
a negative electrode and an electrolyte according to the 
present invention, since at least one of active material 
of the positive electrode and active material of the 
negative electrode includes a compound having sulfur 
radicals in a reduction state, the battery has a high 
energy d ejri sity and is excellent in the stability and 

safety properties. ~ _~~ ; 

[0046] 

Also, if the sulfur radical compound is a compound 
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having a radical on a sulfur atom combined with an 
aromatic group, the stability of the battery is further 
improved. 

Also, if the sulfur radical compound is a compound 
having a radical on a sulfur atom of a thianthrene 
derivative, the stability of the battery is further 
improved. 

Also, if the spin concentration of the sulfur radical 
compound is 10 21 spins/g or more, the obtained battery has 
a large capacity. 

[Brief Description of the Drawings] 

[Fig. 1] A front view illustrating one example of a 
battery according to the present invention. 

[Fig. 2] A cross-sectional view taken along the line 
II-II of Fig. 1. 

[Brief Description of the Symbols] 
1 battery 

5 negative electrode 
9 positive electrode 
10 separator impregnated with electrolyte 
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[Name of Document] Abstract 
[Abstract] 

[Problem] To provide a new battery with a high energy 
density and excellent in the stability and safety 
properties. 

[Means for Solving the Problem] In a battery 1 provided 
with a positive electrode 9, a negative electrode 5 and a 
separator 10 impregnated with electrolyte, at least one of 
a positive electrode active material and a negative 
electrode active material includes a boron radical 
compound or a sulfur radical compound. 
[Elected Figure] FIG. 2 
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